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ABSTRACT 


A  tabulation  la  presented  of  ground-zero  and  burst  altitudes  and 
associated  dry-air  and  water- vapor  density  data  for  U.  S.  atmospheric 
nuclear  testa.  Also  presented  are  density  data  for  a  tropical  (I50N) 
atmosphere  up  to  90  kilometers,  A  method  for  computing  columnar  air 
■ass  between  two  points  at  different  altitudes  for  the  Pacific  Proving 
Ground  area  is  presented.  This  method  can  be  extended  to  any  set  of 
spatial  points  within  the  wide  limits  provided  and  can  be  used  for  other 
atmospheres.  Where  possible,  information  presented  is  based  on 
original  data. 
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SUMMARY 


The  Problem 


Weather  data  for  atmospheric  nucle  ir  tests  are  available  generally 
in  four  forms:  (l)  as  handout  sheets  d.stributed  at  the  tests,  (2)  as 
published  volumes  for  a  particular  test  series,  (3)  as  part  of  the 
Report  of  the  Test  Director,  and  (4)  as  part  of  a  nuclear  detonation 
report  concerned  with  aspects  other  tha*  weather  data.  Similarly 
ground- zero  and  burst- altitude  data  are  scattered  in  various  documents. 
Generally,  this  unclassified  information  is  found  only  in  classified 
reports  as  are  most  nuclear  data,  and  thus  is  available  to  a  small 
•elect  group.  Compilation  of  this  information  into  a  single  unclas¬ 
sified  list  with  emphasis  on  the  veracity  of  the  data  is  one  main 
objective  of  this  report.  The  second  and  more  significant  objective 
is  to  provide  a  means  of  computing  the  average  air  density  between 
source  and  receiver  points  in  the  atmosphere.  This  capability  permits 
evaluation  of  radiation  exposures  for  any  burst.  In  such  evaluations, 
air  density  is  usually  multiplied  by  slant  range,  and  the  product  is 
termed  columnar  air  mass  in  this  report.* 

The  Findings 

Albeit  most  information  sought  was  available,  some  Bhot  sites  were 
a  considerable  distance  from  the  Yucca  Flat  weather  station  at  the 
Nevada  Test  Site  and  burst  times  did  not  necessarily  correspond  to 
times  at  which  meteorological  observations  were  taken.  Therefore,  seme 
of  the  weather  data  gathered  at  the  Yucca  Flat  weather  station  were 
merely  indicative  of  the  situation  when  applied  to  ground-zero  and 
burst  altitudes.  Further,  for  the  early  testing  days  in  Nevada,  seme 
ground-zero  altitudes  had  to  be  adjusted  when  checked  against 
topographical  maps  (circa  1952)  of  the  Nevada  Test  Site  areas  (surveyed 
by  the  Army  Map  Service).  Errors  or  discrepancies  were  found  when 
several  documents  were  consulted  for  the  seme  data.  Data  in  this 
report  are  best-estimate  values. 


*  So  germed  by  Rand  Corporation  (RM-4l42);  also  called  "atmospheric 
depth"  and  "air  mass  in  a  column"  by  Air  Force  Cambridge  Research 
Laboratories  (AFCRL-62-26o)  . 
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SECTION  1 


INTRODUCTION 


1.1  THE  PROBLEM 

1.  T  th«  Of  nuclei  .met. 

end  l«rtlu"  cf  y  ■l8nlflc“tl»’  Influence.  the  rat. 

the  energy  transport  by  neutrons  II™  nuclear  burflt  In  the  atmosphere, 
radiationf  anHS  .mS  *'  g8fflm&  ?*»*'  xray»>  themal 
density  directly  affects  the  ^  f°r  *iT 

analyses  and  thus  can  result  in  «rrn« of  radl**ion-  Md  blast-effects 
predictions  based  on  such  analyst  A  f  °f  larg0r  “^Ibude  in 
densities  is  therefore  u  of  *nblent  alr 

densities  are  obUined  r  '  a  d‘U  fran  whlch  air 

ria.  such  as  handout  sheets  distribJtefS^^eJts*  °f  “ta" 

the  Test  Directors  wea+h**.  _*  a  at  the  tests,  the  Reports  of 

not  directly  concerned  with  veittej  daU^The"^^^  rf>porte 

ground-zero  and  burst  altitudes  Thus  ltu“blon  is  »imllar  for 

data  (in  many  cases  conflicting  In  !^th  e  conBlderable  amount  of 
a  need  for  carefully  comJiled^nd^eH ,  V*rylng  classification, 

“  bl"‘  «f  nuclear 

•d.  H  waver,  „r  ..S1,™*  «  Ur  Un.1V  1.  need- 

effect.  calc^.tioc.  Sl.  r^f  ,r^™e  *  ,1“t  "W  U 

report.*  Tho  concept  of  colLiar  aiJ  JlTT  ^0luffln&r  alr  i*  this 
transmission  or  absorotion ?Pl  “  ^rlmar1^  to  the 
emitted  during  an  atmospheric  JlSar  b^rat^  *^^roma«netic  radiation 
calculation  of  columnar  air  mass  and  *  ^erefore,  •  method  for 

facilitate  predictions  of  nuclear  bUrst^Scta  **  ™U  W0Uld 


“'vr* 

Laboratories  (AFCRL-62-260).  y  ir  Force  c®mbridge  Research 
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1.2  OBJECTIVE  AND  SCOPE 

objective  of  this  report  is  to  provide  accurate  data  on  air 
densities,  ground- zero  and  burst  altitudes  of  atmospheric  nuclear  tests, 
and  a  capability  for  computing  columnar  air  masses  between  selected 
points  at  different  altitudes  and  horizontal  distances  over  various 
geographical  areas.  A  literature  survey  has  been  conducted  and  avail¬ 
able  data  selected,  compared  and  tabulated.  Sources  are  referenced 
and  in  most  cases  provide  considerably  more  information  than  is  given 
in  the  limited  scope  of  this  presentation.  Only  U.S.  atmospheric 
nuclear  bursts  are  considered.  Where  the  tabulation  of  basic  data  is 
incomplete,  it  is  due  to  one  of  three  reasons: 

(1)  non-availability  of  the  data, 

(2)  security  classification  of  all  information  concerning  a 
particular  shot  or, 

(3)  Inapplicability  of  available  air  density  to  the  particular 
shot. 

Data  on  which  columnar  air  mass  calculations  can  be  baaed  have 
been  tabulated  and  a  calculations!  method  is  presented.  Results  are 
given  as  a  function  of  geometric  altitude. 

1.3  LIMITATIONS 

Aside  from  the  limited  scope  of  presentation  as  described  in  the 
previous  section,  computation  of  columnar  air  mass  is  at  best  a  hopeful 
endeavor.  Indeed,  as  in  many  natural  situations,  annual,  daily  and 
moment- to- mcment  microscopic  and  macroscopic  variation  in  the  condition 
of  the  atmosphere  render  inaccurate  all  attempts  at  precise  quantifica¬ 
tion.  However,  for  the  intended  use  of  columnar  mass,  namely  the 
study  of  effects  associated  with  atmospheric  nuclear  bursts,  the  data 
and  computational  method  are  considered  satisfactory  within  7%  up  to 
one  kilometer  when  applied  over  any  oceanic  surface.  Application  of 
these  data  for  cases  over  the  USA  up  to  ten  kilometers  is  estimated  to 
be  reliable  within  2^.  The  model  atmosphere  used  was  chosen  to 
correspond  to  the  Pacific  Test  area  but  is  also  not  too  different  from 
that  of  the  Nevada  8ite.  However,  at  other  latitudes,  the  variation  of 
air  density  with  altitude  shows  marked  departures  from  the  chosen 
model. 
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SECTION  2 


DISCUSSION  OF  Ij{E  DATA 


2.1  TABLE  I  DATA!  AIR  DENSITIES  FOR  NUCLEAR  ATMOSPHERIC  BURSTS 

^titudT^r  of+a^1/vall&ble  for  ground- zero  and  burst-height 
•Ititudea  and  computed  dry-air  and  water-vapor  densities  appears  in 

•earch  in  "T  gathered  trough  an  extensive  literature 

,  f  to  provlde  "iiable  data  for  the  analysis  and 

tto^W^!/’f  Car  *etonatlon  ef f«cta.  Tabulation  of  this  informs- 
t  on  became  necessazy  during  the  task  of  analyzing  copious  amounts  of 

beeJ'  a  JfU  fr°m  mny  °Perations-  tabulation  haa 

been  extended  beyond  the  minimum  necessary  to  air  density  determinations 

SSiSTSSSK' tkls  sort 

li.teJT^noSgic'al 

(^riSaJ^e11^  S'  T°  t™Blate  GC1'  t0  Proving  Ground 

locej.  time,  add  12  hours.  Nevada  Test  Site  (NTS)  local  t.im- 

8  oct.  h^;  » JXS* 

that  for  shots  in  Nevada,  Daylight  Saving  Time  was  in  effect  for  testa 
occurring  between  the  beginning  of  May  and  October. 


For  all  detonations  in  Nevada,  the  site  is  listed  as  m 

the  at;u  ^  ™‘thit 

took  Place  is  listed  as  the  site.  For  the  tower  shots,  burst  height! 
are  not  exact.  Elevations  listed  are  for  nominal  tower  heights  and  do 

to  the  cab  floor.  In  addition,  for  the  Trinity  shot  the  ground  zTrc 
altitude  meaaurement  was  actually  600  yards  from  true  ground  zero  and 
40  altlneter  calibrated  at  Kirtland,  New  Mexico,  as  part 

teflt  6hot-  Hwever'  it  is  believed  that  to 
SJlItto^  corrections  would  be  of  little  consequence  for  this 

References  1-18  are  the  sources  usel  for  Table  1  wea+iw  T 

?l03rS.eS/^2,frLJefaUremefnt8  ^  PTObab^  good  to  one  millibar  “ 

(  dynes/cm  )  and  temperatures  to  one  degree  centigrade.  Consequently, 
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density  data  are  assumed  accurate  to  within  i/?rf  t  a_ 

Sandstone,  buret- altitude  weather  daU  for  Shot  v  ^  Opcratlon 
R«f.  3  and,  for  the  rcat  of  the  rw«?/  ?ot  X‘ray  ver«  taken  from 
weather  data  were  take^fe^JiSTtoa  f£Thnn5«  w  In  "oat  CMes' 
the  particular  shot.  Furthermore  in  r-n™  *  h  before  or  after 
various  altitudes  other  than  the  exart  ♦^e?',.daU  Were  UX(5n  »t 

those  cases,  a  linear  inters ' at  1  beighta.  Therefore,  in 

corresponding  to  .  .pacific  0t  tlTLTZS  ut'S.''*0'"  *«* 
th.  P«coC%rc™uo„'r«LC^n““.0n”  40  u'»«  obtained  .t 

some  data  vere  taken  in  the"  upper  atmnanh  F^^tion  Dominic.  However, 
falling- sphere  method  (see  Ref^ii)^  nPh  by  *  rock°t- launched  frea- 
were  found  to  be  similar  to  the  Cahi-s  f?"  ®xa^in&tion,  measurements 
in  Ref.  20  (presented  in  Table  2r1USS  ^  d*nSlty  -  altltud«  givan 

All  data  computed  in  Table  1 

found  in  the  Smithsonian  Meteorologies^  Tables  ^n#^ts  and  Rations 
ments  are  converted  to  vanor-nr#™.,,  ^  ,  l08,  Dew-point  measure- 

Vapor  Pressure  Over  Water'  (pg  -351)  th®  tabulation,  'Saturated 

1«  below  freezing  temperature'8 *  SlleT?  ^en  «wpoint 
procedure  can  be  found  on  m  \<;8  «Planations  for  this 

Pg.  348  in  the  Smithsonian  Tables'  °5  Meteorolo«y, 22  and  on 

vapor  pressure  was  found  as  a  functi^  Hf^f  df'“?0iilt  was  unavailable, 
multiplied  by  the  relative  humldiS  £  It!,  ^mpCraturo  then 
density  was  found  by  dividing  vano!^  VBluea  uaed<  VftPor 

then  multiplying  by  the  annm  Pnaau re  by  air  temperature  and 

found  by  dfvldS,  C°n8U/,t-  den°lty  was 

•nd  then  multiplying  by  the^L^H*tT°r  prefl8ure  by  ^  temperature 

SSS!  *lr  ^ 

2-8  SS  ln  *  A  ™cn°»  «  acwmc 

Input  data  of  Table  2  liatj.,1  „  , 
and  represent  a  model  tropical  at™™  £olunin  2  were  from  Ref.  20 

"°rth 

(1)  10  m  ,to5"‘,hs" *«• « -we  **  „„ 

W  th”  “  (U-3->  “■"•!*»  «t»  .  ^  rf 

(3)  s  *  «  - 
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Vertical  columnar  air  man 
point  numerical  integral 


column  3  of  Table  2, 
ualng  the  equation  i 


vw  found  by  point- to- 


(pl  '  P2}  (H2  ‘  HlVloge  (Pl/p2) 


U) 


where  p , 
geoDwtri 


P2  We  the  model  air  denaiM..  .*  . 

c  M  „2.  „  '■***«„ 


by 

•  n  * 


P  ■  P 


then 


but 


Po*"^  dy 


/ <*• / 

*i  «{ 

.  1  jpo«‘bHl  -  p  «"bH2j 

-  (Pi  -  P2)A 


(H2  ‘  Kl^b  *  lo«,  (Pj/Pgj 
which,  when  eubetltuted  In  the 

form  of  Integration  wae  uaed  fb«tv*e  08  •^tlon,  give*  ui  Eq.  1.  xhle 
«*•  conttcutlvt  lOla-tm)  btc^r^ 

lUMlning  columntr  tip  nti«n(c0i5  *lr  «  gtatttplc 

altitude),  column  4  of  Table  2  vaa  p-,  ♦  *fan&r  a^r  nUl  above  a  given 
v*luee  of  column  3  (rounded  off  ,lBpljr  **  '“bunting8 

10 Jl. 898076000  g/cm^  which ^  pr,4r  in  the  table)  from  the 

M«  #  applicable  to  an  Infinite  »er  ♦  c°iUBI>*r  air  mii 

"total*'  wm  derived  fn  eetlmate  of  thie 

columnar  air  mae.  f«  the  iaS  1°*°f  **r  <Uniity  to 
nutt,  i.e.  f0r  the  ^  ^  «ntrtee  (89  and  90  km)  be 
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p89  ’  p90 
thus  the  equations: 


"  "89  *  rm89 


t  - 


may  be  solved  for  ^  (see  next  section  for  definitions).  The  "total" 
columnar  air  mass  value  thus  Is  en  extrapolated  value  baaed  on  the 
semi- logarithmic  nature  of  the  function  Integrated.  The  use  'f  this 
"total"  In  the  computations  preserves  the  shape  of  the  ‘Remaining 
Columnar  Air  Masj'  curve;  i.e.,  In  the  region  of  90  km  and  beyond  the 
curve  continues  with  a  constant  slope. 

Air  density  V3  geometric  altitude  is  plotted  in  Fig.  1,  Remaining 
vertical  columnar  air  mass  vs  geometric  altitude  is  plotted  in  Fig.  2. 

2.3  COMPUTATION  OF  COLUMNAR  AIR  MASS 

The  method  for  computing  columnar  air  mass  is  derived  in  tee 
following  paragraphs.  The  equation  for  columnar  air  mass  (M)  between 
two  points  separated  in  altitude  and  horizontal  distance  can  be 
expressed  (in  g/cm2)  as: 


M 


RM1  -  RM^ 


x  SR 


(2) 


where 

2 

RM^  -  remaining  columnar  air  mass  (g/cm  )  above  tee  altitude  (km) 

RMg  -  remaining  columnar  air  mass  (g/cm  )  above  the  altitude  (km) 

p  -  ambient  air  density  (g/l)  at  any  altitude  between  H,  and 

Pn  -  model  atmosphere  air  density  (g/l)  at  tee  same  altitude  as  pft 

SR  ■  slant  range  (km) 
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SL’SS.’JTiJSi - 

th.  difference  In  e2ZL-T X  Tt  “*>  5*  «?>£««*  *"  ten-  J 
neceeeitate  u  Inordinate  mmber  of'dlglieVtfe,  thl*  ’ TOUld 
•ccaopllsh  th,  «  «.*,  p^lculer^t  h^hXtiLT  “° 

Wie  difference: 


-  RM^ 


(3) 


represents  the  vertical  columnar 

fU  • 


air  mass  between  two  altitudes. 


and 


The  function: 


(4) 


ia  the  average  vertical  columnar 
In  the  special  case  where  H  -  H 
expressed  as:  2  1 


air  mass  per  kilometer  of  altitude 
for  a  horizontal  path  M  can  be 


u  a  2 

M  “  pH  x  —  *  SR  x  10 
pra 


(2a) 


in  the  units  previously  given.  The  eat  in  / 

that  of  the  model  atmosphere  to  that  of  the^i^  C°fr<,cta  ^  value  Titan 
ambient  air  density  data  in  the  neimhhnJ^L  atmosPh«re •  Use  of 

desirable  procedure,  if  lh  ^  °f  H1  H2  is  the 

tlon  to  the  actual  columnar  air  mas^”  nob  avallable  a  close  approx lma- 
for  -2  the  V  Ur“"",‘’  obt*1"'<1  >*  •ub.tltStlm 


m 


Mmfll 


^«re  p#1  «  ambient  (wet)  air  density  at  sea  level 


msl 


££  atmoaphere  .lr  denelt,  «  «.  level  (1.16655  In 


“  C<1  l*  "0t  th'  are  «cc„..„d,d  f„  the  mlo 
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*  P«1  40  "ul1 


Area/Seaaon 

OBTt  if  seaaon/location 
.  not  specified) 

30°  N  July 
30  N  Jan 
45-  N  July 
45°  N  Jan 
6o  N  July 
60  N  Jan 
75Q  N  July 
75  N  Jan 


p«lAsl 
i.  05011 

.99369 

1.05678 

1.02177 

1.11524 

1.04566 

1.17637 

1.08404 

1.21446 


cSt1™.:  3*  ;*}SrO  s°^'r Noru,en'  H“l,^re 


A  correction  for  the  curvature  of  the  earth  ie  ignored  Ita  in- 
cluaion  changes  the  Hunt  range  leas  than  one  percent  with  1500  km  and 
2  J™  of  then  one  percent  in^the  coSS^to^ 
within  100  km  horizontal  range.  However,  the  error  between  the  'flat- 

npi<Uy  f°r  horl2ontal  (ground) 
ranges  greater  than  100  km.  Other  useful  manipulations  are: 


and 


0  "  H,,  -  H.  x  p  x  10  s/1 

J.  m 


(5) 


Rel 


pa  IQ'2 


Ho  -  H. 


std 


(6) 


where 


p  -  average  ambient  vertical  air  density  (g/l) 

patd  "  *ny  arbitrarily  selected  standard  for  sea  level  air 

Btandards  frequently  employed  are  1.2923  ah. 
STP  and  1.2255  g/l,  density  at  1  atmosphere  and  15°C) 
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Bel  *  r’1*tlv*  ^  <* 


And  2} 


The  following  examples  illustrate  the  use  of  Table  2 


or  Figs.  1 


Example  It  What  is  the  columnar  air  moss  (Eq  2)  betvepn  tvn 

SSSsSSSiSfcseSt&F 

Slant  range,  SR,  la  1.4li*21  w1  is  o'  h  pmal  18 

the  columnar  air  mass  is-  *  1  *  ^  '  8,1  psl  is  1*150.  ftrnn, 


M  .  1-037 9Ctxl03  -  9.26428xl02 

TT 0 - 


1 3§55 x  1Mh21 


1.16655 


or 


M  -  155.408  g/cm2 


Exan^xle  2t  Using  the  conditions  in  Ex.  1. 

I**-  6)  the  standa^ 
i,2923  8/1 ?  The  relative  air  density  is: 


vhat  is  the  average 
air  density,  p^,  ia 


Rel  -  A-iPIT^Q^lO3  -  9.a6428xl02  1.150  io“2 

1-0  x  135555  x  175923  “  °*85035 


#  *2»  +3,  etc.  stand  for  powers  of  10  in  Tuole  2 
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SECTION  3 


CONCLUSIONS 


atl.  \  «  “>•  raua.  thet  «.  avail- 

good  to  ono  millibar  and  temperatur«rtol^ea,nrfUUr*Inent8  *"  Ptohtoly 
aaquontly,  dooelty  data  ere  ea.uaed  eccurmt.  t?S?h2”J/|(Me-  C°- 

*?  *«• « -  «. 

In  tha  etudy  of  nuclear  veapone  efSti  to™”*1”  for  “*• 

values  in  Table  2  irith  n+v,-!.  n  ,  e:L,‘  Comparison  of  the  air  density 

when  the  actual  sea- level  air  density  is  £!£!“  S  Ref ' *  20  inmates  that, 
columnar  air  mass  is  valid  IvltMn  n<l  *fCWn<  th®  computation  of 
other  than  the  Pacm^!^^  7J  °r  less)  over  oceanic  surfaces 

*t  altitude*  hiSS^frS®  oSS  .S?  2  (-  1  to), 

from  the  model  chosen'  thus  the  j  ^  ntmoepherei  vary  conolderably 
CIO.,  agreement.  “^uS«o2  f^"^1"  "  ^  2  *r*  “* *” 
to  10  to.  However,  lt»r  extr«  .g?,*  *  Ui> 

columnar  air  mass  due  to  curvature.  error  in 

averaging  effect  of  columnar  mass  UbSutl^  m%£aiz'd  *  the 
computations  should  be  confined  to  mnH *  1*  c?lumnar  Rlr  nas» 
tohlev.  1*  compuUtlonU  «^o!°  (s™"*)  ~W>  to 

be  found  in  Sec.  1.3.  “racy.  Further  discussion  of  accuracy  may 

on  portlnont  air°ten^tlee*Paltltude1and  *  ,ourco  of  beelc  date 

■tod,  of  effect,  of  .^.adaoB  hStT"  Ur  ““  °» 
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